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Exergy Analysis on the System of Superheated Steam (700c, 3 atm)
Production for the Reversible Electrolysis: Based Hydrogen Production
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ysbaek@suwon.ac.kr Abstract >> Hydrogen can be produced by reforming reaction of natural gas (NG)

and biogas, or by water electrolysis. In this study, hydrogen production through

Rec.eivecj 15 June, 2018 water-electrolysis needs superheated steam above 700°C for high efficiency. The
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Accepted 30 June, 2018 production method of hydrogen like this was recommended for the 4-type proc-
esses for superheated steam (700 C, 3 atm) by Bio-SRF combustion furnace. The
4-type processes to produce superheated steam at 700°C from the heat source
of SRF combustion furnace was simulated using PRO Il. The optimum process
was selected through exergy analysis. The difference of process 1 and 2 is to the
order of depressure and heating process to change 180°C and 7 atm to 700TC
and 3 atm. Process 3 and 4 is to utilize 25% of steam to generate superheated
steam and remaining to use for the power generation by steam generator.

Key words : Reversible electrolysis(QF &I & 4 M5l ), Ho($ A ), Hydrogen procduction
(£ A A, Super-heated steam(X 1 -2 A El), Optimization process(&
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Nomenclature Subscripts

U : Internal energy 0 : reference of standard (25°C, 101.3kPa)

s : Entropy S : stream in process simulation system

h : Enthalpy

m Mass flow (kg/hr) 1. M 2

e : Exergy (kl/kg)

E : Exergy (kI/hr) A AAder Aol e So) 87
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2 AR o] &A] 2AVIAY di7]edEH o] WA A2 B G5t A2 2|3t A E 2 1]
2] ool FAHNUAR FaoUA7p FEEI YAk H|ZE o tigt fd e 7] 25k, HAIA
Atk i FE AATES, vlo|e7tAREE O ® B4 QlojA Ak, | A|¢A] Akt
NAEEE Soto] AakstAY, ER2RE A7 Waste] 88 4 9l o]F Fato] AA" E
& Fote] AAkete WHOoRE Yok A7|Es = Al2E W Zhzbe] Adu) Aoy AR AlA
£ 5oto] ket Wildle 12 =37] Aslid,  §e] side] FAast AAR &4 A A, &
F/dAt P s Y (proton exchanger membrane, A TS FYT 5 vk AAA] EACZEH
PEM), &7he]4=7 ol ¥ (alkailne electrolysis, AE) 5 oUz|o] A& AR QIg AJAH Yo Ao a8
o] wWhijo] Qlt} o] F LT AV|EAHE  EHE dobd 4 9lon, AAH Fo o RE
LA A HE A 7 A X (solid oxide fuel cell, SOFC) o] A& MAo] 7tk ol HE AL 1d
VIeE 588 A2 IAAEkEA | A(solid ox- @ljof Fh=A] FHE 4= let. o] FA M A] £
ide electrolysis cell, SOEC)o A 700-900C2] 112 & F3olo] AFLA L o U AR ZHE & 4 §l
o] M2 AE Zr=th 1129 A”A A7|Es = &4 AF 9 mpeto] shgghe] whEh T
Heg Zast Ao dA 7 Yo, e & MR EAS V22 3 ge AFEo]l A AlA
Ho| 7Hssich ofuf 700C e 1L 37|15 e FHog thefdt BopoA 3T gl
=d go] Fasin, o] Y2 ALY Ax 2 Ao 12 A" o] &dt= e
7k Aol Al 5o thekst ddegrRE  pHsyHor 45 AAbst=dl Slo]Al, SRF
R Axzo Ao RE 700Ce £37]8 Yatst
Solid refuse fuel (SRF) 1A 2HE d9L o] Ly 7}%x ZAHS PROMS o|&sto] THL A
W20 =57 AAbehedl glo] et 7tE 3RS Edloldsta, olHe AlEY el AR NE J
AAA =L o] I3t A1y A ol 7|23k oy AR A5 Fote] HAH L AAsk=
A FAEAYHO R BAT 4 9k a8y 1
2, 1YY = B e dge At 2 £ 2. O|12™ Ef
ghetct st et AgT FFoll= Wt o7 o
ol 4 B A2abgolA] ouA] £Ao] A 2.1 AMZX[(exergy) O|E
o= As 7obstr] ol SHol itk
AR B8t wopol A thE= F A AHAE Y A X 219] 7id-2 194171 Gouy, Stodola F-of ©]
HE0] AW 72t 3550 gk gy ALS  Sto] &4 Yof| W AR EE ARFE Lo, 195619
7122 oA &4 9 585 JFstst=t] €9 Ranti= Folzl ofux|ofA U= W3t /b5 RS
o A 2E Agska qlok 22y dost Al dAA(exergy), Y& HE BV HES ofY
HAL o219 7 Zpghe thRo] ox] oy X|(anergy)eH= o] & AIQEIATH. Exergy= I
Az HEHAT= 7]8 dol 7|2stnR, 34 2ou A9 oy dH=RE 927t 4
oAzt 55 7ho] WAEE ouA e AA & Sl Gl AR A-HOR AL £ 9de Y
Ae Aosta FEstrlol= AE 7HAAL itk FEHY Ao §& oAU AFS gttt AR =
ol o] F= Lo o] AlaFle] Bt E ofH A(system)7t FsH HJeo] =T of
Ast A2 Aol ofg EANR, & AR BAY 7HA] g A& 5= Y= Y(work)e] QFoltt. <
Hol o] 7]&Atet WetAE AtoloA Be # A A= A7 H(pinch technology)t g7 34 %1
Ag & 9k 9 AAE HH3E Ao A 19 Fagt QIAfo]
REWNEE-ESES H29H X35 2018 62



470

Available
energy

Unavailable
energy

(a) Carnot cycle exergy and anergy

P>=Constant /

P;=Constant

3

Y 4

A/

(b) Rankine cycle
Fig. 1. The T-S diagram of Exergy and anergy
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Fig. 2. Exergy configuration in the change of system
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Table 1. Condition of temperature and pressure for the simu-
lation of 4-type processes

Process 1 Process 2

Si S, S3 S Ss Se S; Sg

T(C)| 20 | 180 | 168 | 700 | 20 | 180 | 700 | 700

Par)| 1 | 7 [ 3 | 3| 1|7 ]7]|3

Process 3

S‘) S]O S]] S]2 S]3 S]4 SIS

T(C)| 20 | 400 | 400 | 400 | 700 | 400 | -

Par)| 1 | 40 | 40 | 3 3| 40 | -

Process 4

S]ﬁ S]7 S]S S]9 SZO SZ] S22

T(C)| 20 | 400 | 400 | 700 | 700 | 400 | -

Par) | 1 | 40 | 40 | 40 | 3 | 40 | -
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Process 1
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Fig. 3. The description of 4-type processes
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Fig. 4. The modeling of 4-type processes

Table 2. The entropy and enthalpy values for every streams of
process 1 and process 2 (flow rate=100 kg/hr)

: Temp. | Press. | Entropy | Enthalpy
Unit |Stream| 0™ | "o | ki/kg*K | Kd/kg
Standard 25 1 5.025 111.23
i S1 25 1 5.025 111.23
P | Boiler
r S2 180 7 11.51 2,833.02
(c) S2 180 7 11.51 2,833.02
e | Valve
s S3 [17385| 3 11.89 | 2,833.02
s
; Super | S3 |173.85| 3 11.89 | 2,833.02
heater | s4 700 3 13.51 3,940.19
i S5 25 1 5.03 111.23
P | Boiler
r S6 180 7 11.51 2,833.02
(c) Super | S6 180 7 11.51 2,833.02
e
s | heater | §7 700 7 13.12 3,937.24
s
S7 700 7 13.12 3,937.24
2 | Valve
S8 [698.71| 3 13.51 3,937.24
FE dHow ggshs dAzA gyt
dezo W

312 B A5o] Table 30 UEFHTE
Table 394 700C7HA] 7FY 3 3 bar2 7HQ8h=
FoNA et & 28] 2%71 700Cof| ujx]7] &

32 oF 12T YA Yeghbs AL ol3 4= Qlrk
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Table 3. The entropy and enthalpy values for every steams of

process 3 and process 4

Flow Entropy
Unit Strrnea rate qup. P{;srs. kl/kg* Erllg};ilpy
kg/hr g
Standard 1 25 1 5.025 | 111.23
S9 100 25 1 5.025 | 111.23
Boiler
p S10 | 100 | 400 | 40 | 11.452 |3,227.25
r S11 | 25 400 | 40 | 11.452 [3,227.25
0 | Valve
c S12 | 25 |370.67| 3 |12.622 |3,227.25
e
s | Super | S12 | 25 |370.67| 3 |12.622|3227.25
S
heater | §13 | 25 700 3 | 13.514 |3,940.19
3
S14 | 75 400 | 40 | 11.452|3,227.25
Turbine
S15 | 75 |115.23| 1.7 | 11.889 |2,554.05
S16 | 100 25 1 5.025 | 111.23
Boiler
P S17 | 100 | 400 | 40 | 11.452 |3,227.25
T | Super S18 | 25 400 | 40 | 11.452 |3,227.25
0
¢ | heater | S19 | 25 700 | 40 | 12.293 |3,912.97
e
s S19 | 25 700 | 40 |12.293 |3,912.97
s | Valve
S20 | 25 |688.02| 3 |13.4853,912.97
4
S21 | 75 400 | 40 | 11.452 [3,227.25
Turbine
S22 | 75 |115.23| 1.7 | 11.889 |2,554.05
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(m*es7) - (m*ess) = Eie (11)
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m* {hsis-hsi4-To(Ss15-8s14) }-m*(hsis-hsia) = Epio (15)
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Table 4. The exergy values for all streams of process 1 and
process 2

Process 1 Process 2
Items Exergy (klJ/kg) Items Exergy (kJ/kg)
Es; 0 Ess 0
Es» 788.97 Ess 788.90
Es3 675.13 Es7 1,413.70
Esq 1,299.20 Esg 1,297.50

Table 5. The exergy values for all streams of process 3 and
process 4

Process 3 Process 4
Items Exergy (kJ/hr) Ttems Exergy (kJ/hr)
Eso 0 Esis 0
Esio 1,200.8 Esi7 1,200.8
Esii 30,019.4 Esis 30,019.4
Esiz 21,302.9 Esio 40,897.0
Esi3 32,480.9 Eszo 32,016.6
Esis 90,058.2 Es») 90,058.2
Esis 29,798.0 Es» 29,798.0
Power 11.22 kW Power 11.22 kW

4.2 2 BHO| UMK £4

Table 29} Table 32] BA 2] S AE-3}o] A7)
FA) 4 @-(1nezRE 7 34| A4AE T
3lo] Table 4%} Table 59| L}E}lﬁiu} o|l2 R Z+
Zvo] AEH A Yy 7t 3
A EAEE AAA Y Fe ?3 i, olg ot 2
He AxA 28] F o472 £AFOR Table 6
¥} Table 70| LEEITE. Table 7914 E= vhel 2+
o] 7F3t & 7}A3H= process 19] 4] Hl—l\ggl_‘; % o
A A EATFo] 2529722 kl/hre] AL, 7kE - ZHtst
+= process 29 & AR &AL 252,853 ki/hr
o= Uehton, £ ML 1d F AU
o] EAE|L o4 7|0] oFo] oy, oF 1192 kifhr
2 g Aol A gtk

~€lo] oug guog Wi Wb &-8ala U
o] 28 A FAAE 4 F bk

process 304 9] & A R] £AIFFRS 226,754.82 kI/hr
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Table 6. The exergy loss values for the process 1 and process 2

Process 1 Process 2
Items | Exergy (kJ/hr) | Items Exergy (kJ/hr)
ELi 193,282.8 Er4 193,282.8
EL, 11,383.6 Evs 47,948.2
ELs 48,305.0 Ers 11,622.0
Total 252,972.2 Total 252,853.0

Table 7. The exergy values for every streams of process 3
and process 4

Process 3 Process 4
Items | Exergy (kJ/hr) | Items Exergy (kJ/hr)
Er; 191,524.6 EvLn 191,524.6
Ers 8,716.5 ELiz 6,265.5
Ero 6,0645.4 Evis 8,880.4
Evio 19,868.3 ELi4 19,868.3
Total 226,754.8 Total 226,538.8

Table 8. The result of reducing exergy losses

Items Process 1 | Process 2 | Process 3 | Process 4
Ratioof | 7 0.07 0.27 0.27
exergy (&)
Reduction of]
exergy losses| Basis 119.2 26,217 26,433
(kJ/hr)

o], 7t¥E ¥ 7:} FsH= process 40|A12] & A%
Al 8.77 kl/hro 2 Uelton, oj=
process 1, 29]| H]?’S}O% AN A f&=AlzFo] oF 26,000
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A2 O] 471A] F ol A process 15 7]
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MA&L B 13}Fe] Table 8o LFeRGT ol A A&
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A debsten, Az EAY SH A=
ess 1 > process 2 > process 3 > process 4 A2
LrERt o n, whebA] process 49] 797t oA &

Aepol 7Hg HolH FEAUAT M e B4

proc-
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